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SAGITTA PLANCTONIS AND RELATED FORMS 


By P. M. DAVID 
(National Institute of Oceanography) 


INTRODUCTION 


THE material used in the investigations recorded here was taken from the collections 
made by vessels of the Discovery Committee and, later, of the National Institute of 
Oceanography. 

The bulk of these collections comes from the Southern Ocean, mainly from 
Antarctic waters, but a considerable quantity of material has been accumulated 
over the years from tropical and subtropical regions as well. 

These more northerly collections while perhaps not enough to permit exhaustive 
studies of the life histories and distribution of single species of planktonic animals 
nevertheless contain much that is useful for the systematic work so necessary as a 
first step towards the ecological and distributional studies that might be possible 
when larger collections have been made in warmer seas. 

This paper is an attempt to explain some anomalies of distribution of an apparently 
valid and homogeneous species, relatively well represented in the collections, which 
on careful examination appears to be a group of three forms, each, in the present 
state of knowledge, being entitled to specific rank. 

Sagitta planctonis was described by Steinhaus (1896) from material taken in shallow 
net hauls off S.W. Africa. In 1905 Fowler described a new species S. zetesios taken 
by H.M.S. “ Research” in deep water in the Bay of Biscay. These two species 
were combined into one by Ritter-Zahony in 1911 under the name S. flanctonis. 
Although this arrangement has remained to the present day, it has been suggested 
both on anatomical grounds (Tokioka, 1939; George, 1952) and on distributional 
grounds (Moore, 1949) that two distinct forms are combined as one species. 

Probably the most certain anatomical feature for specific determination of 
chaetognaths is the shape and position of the seminal vesicles. Unfortunately mature 
specimens of many species of chaetognaths are but rarely caught and S. planctonts 
is exceptionally uncommon in the fully mature state. It is for this reason that 
Ritter-Zahony’s figure and description of the mature vesicles of this species, has of 
necessity been accepted by subsequent authors, despite the fact that Tokioka (1939) 
and George (1953) have figured S. planctonis with vesicles or remnants of the vesicles 
differently situated. 

Specimens which appear to be S. planctonis, with seminal vesicles as described and 
figured by Ritter-Zahony (1911), are common in the Antarctic plankton samples of 
the “ Discovery’ Collections, and are distributed from the surface to 1500 m. 
Besides these, there are specimens from tropical and subtropical hauls from deep 
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water which agree with Ritter-Zahony’s table (1911, p. 30, “‘ 90 specimens from the 
Atlantic Ocean’’), but which have not been found with intact seminal vesicles. 
Traces of these structures however have been seen which appeared to be differently 
situated from those figured by Ritter-Zahony (1911, fig. 36). Moreover although the 
distribution of S. planctonis is well established as mesoplanktonic, specimens 
apparently of the same species (i.e. within the range of variation given, or implied, 
by Ritter-Zahony) have been taken in shallow hauls in the subtropics, associated 
with typically epiplanktonic forms, and often in too large numbers for this anomalous 
distribution to be ascribed to some freak of distribution of the mesoplankton. 

Thus, from distributional evidence it seemed that there were at least two separate 
species in the collections grouped under one name, an opinion held for many years 
by Mr. J. W. S. Marr (personal communication). In the absence of any established 
anatomical differences this opinion remained conjectural. 


Fic. 1.—Seminal vesicle of S. planctonis. 


‘4 


Recently Mr. A. de C. Baker (also working on the “ Discovery ’’ collections) 
noticed, and drew my attention to, a large mature chaetognath in perfect condition 
(Pl. Ia) which was taken at Stn. 1685 (41° 21-8’ S., 148° 51’ E. 15.11.36) to the East of 
Tasmania between 1000 and 750 m. Although the seminal vesicles (see Text-fig. 1) 
of this specimen were not in agreement with Ritter-Zahony’s figure the specimen 
was in other respects identical with the subtropical forms referred to as S. planctonis. 
The Tasman sea is an area where S. planctonis is found in the surface waters as it is 
off Bermuda (Moore, 1949), S.W. Africa (Steinhaus, 1896), in the Aghulas current, off 
N.E. New Zealand and in parts of the North Atlantic (‘‘ Discovery ”’ collections). 
I therefore supposed at first that this surface form of warmer latitudes was S. 
planctonis Steinhaus and that the specimen from Stn. 1685 was breeding in deep water 
as do certain other surface forms, e.g. S. lyva and S. gazellae (Ramault and Rose, 
1946 ; Ghirardelli, 1950; David, 1955) and that the Antarctic form was the same 
as the cosmopolitan deep-water S. planctonis of Ritter-Zahony and others, and 
probably referable to S. zetesios Fowler. Examination of a number of deep living 
specimens from tropical and subtropical waters however, showed that while they 
resemble the surface form closely they are quite different from the Antarctic form. 

I have therefore concluded that grouped under the one name S. flanctonis there 
are three distinct species, easily distinguishable when fully mature, but closely 
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similar in the immature stages. These are (a) the surface living form of tropical and 
subtropical waters, originally named S. planctonis by Steinhaus, (b) the deep water 
form also of warm latitudes named S. zetestos by Fowler, and (c) the Antarctic form 
described as S. planctonis by Ritter-Zahony, occurring from near the surface down 
to 1500 m. or more. I propose to return to the orignal nomenclature for the two 
tropical and subtropical forms, calling them (a) S. planctonis Steinhaus and (6) 
S. zetesios Fowler. The Antarctic form I propose to name S. marri after Mr. J. W. 
S. Marr. 


SYNONYMY AND DESCRIPTION OF |SPECIES 


Examination of the literature shows that whereas Ritter-Zahony had recognized 
the Antarctic form as differing both in size at maturity and in the numbers of teeth 
from the “ typical ” deep living planctonis, he had not considered that any significant 
difference existed between S. planctomis Steinhaus and S. zetesios Fowler. This was 
due partly to the inadequate description of S. planctonis Steinhaus and partly to the 
absence of the species from the Gauss collections. Also, setting aside the distributional 
differences, the only obvious feature distinguishing S. planctonis from S. zetestos 
was the greater number of posterior teeth in the latter species, the Antarctic form in 
this respect being intermediate and apparently bridging the gap between S. planctonis 
and S. zetesios. It was hardly surprising that Ritter-Zahony regarded the three forms 
as variation (and not great variation) in one species. However the present evidence 
of the mature vesicles of S. planctomis and S. marri immediately separates them into 
two species and thus invalidates the intermediate nature of the Antarctic form S. 
marri. The difference between S. planctonis Steinhaus and S. zetestos Fowler is once 
again dependent upon the number of posterior teeth, and previous records show this 
to be consistent. Fowler (1905 and 1906) records six specimens. of S. planctonis 
none of which had more than 12 posterior teeth. Michael (1911) records S. planktonis 
with up to 12 posterior teeth. Tokioka (1940) does not record more than 12 posterior 
teeth in specimens from the Tasman sea, and this is confirmed by Thomson (1947) 
from the same area, although in two size groups (see Text-fig. 2) he records up to 
13 posterior teeth. 

Records of S. zefestos are more frequent and all show a much higher maximum. 
For example, Fowler (1905, 1906) gives up to Ig posterior teeth, Michael (rgI1,, 
1919) up to 19, Ritter-Zahony (r911) up to 22, Burfield and Harvey (1926) up to 19, 
and Burfield (1930) up to I9. Some of these previous records are summarized in 
Text-fig. 2. 

Published information on the shape and position of the seminal vesicles is conflicting. 
Fig. 1 in Steinhaus’ paper shows no seminal vesicles despite the quite advanced 
ovaries. Fowler (1905) figures the vesicles of S. zetesios nearer the posterior fins than 
the tail. He shows them in the same position in the figures in the Siboga report 
(1906), pointing out that the seminal vesicles were only projecting slightly. 

Michael (1911) shows S. planktonis with conical vesicles close to the tail fin, but 
his figure bears little resemblance to the mature vesicles of the Antarctic form, and 
none at all to the other forms. Ritter-Zahony (1911) figures the vesicles of the Antarctic 
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form as conical and in contact with the caudal fin. This has been subsequently 
regarded as the typical planctonts vesicle. 

The figures in Germain and Joubin (1916) are of little help ; they show S. planctonis 
with an evidently stylized vesicle in contact with both the posterior and caudal fins. 

Tokioka (1939) figures the remnants of the vesicle in contact with the posterior 
fins—with Ritter-Zahony’s figure alongside for comparison—and in his paper on the 
New South Wales plankton (1940) shows the rudiments of a vesicle in contact with 
the posterior fin. 

Thomson (1947) did not figure S. planctonis, but in his key described the seminal 
vesicle as not in contact with either the posterior or caudal fins and said it “‘ approaches 
the tail fin’’. 

Fraser (1952) said the vesicles of this species were elongated and conical near the 
tail fin, but his photograph shows their remnants to be near to the posterior fins. 

George (1952) gives the position of the seminal vesicles as in contact with the 
posterior fin, but the figure given in his paper does not show any detail of the shape of 
the vesicles. The largest. specimen recorded in his table (p. 663) is 13°0 mm., and the 
size range for the species given in his table of diagnostic features (opposite p. 680) 
is from 12-20 mm. I have not seen either S. planctonis or S. zetesios with even 
rudimentary vesicles at this size, nor have I seen any specimens with confluent fins 
as shown in his fig. 13. It is possible therefore that he is dealing with another form 
altogether. 

S. planctonis and related forms (as a group) are easily recognized by their robust 
form and extensive collarette and resemble each other so closely in appearance when 
immature that although authors have found certain characters which did not 
altogether agree with Ritter-Zahony’s classic description, they felt sure on other 
grounds of the identity of their specimens and did not attempt to distinguish them 
further. 

Some authors have employed the name planktonis spelt with a “k”’ instead of 
planctonis with a “c’”’ as used by Steinhaus. Although the use of “k”’ instead 
of “c”’ is more properly derived the first published orthography planctonis must 
stand. 


Sagitta planctonis Steinhaus, 1896 
(Pl. Ila, fig. 3a) 
Sagitia planctonis Steinhaus, O., 1896, Inaug. Diss. Kiel., pp. 1-49. 
Sagitta planctonis Fowler, 1905; Fowler, 1906; Ritter-Zahony, 1909 (?); Tokioka, 1940; 


Thomson, 1947 ; Moore, 1949. 
Sagitta planktonis Michael, 1911. 


CHARACTERS : 


Anterior fin rayless at the anterior end and along the inner edge: begins at the 
ventral ganglion. Length 24-32% of body length. 

Posterior fin sharply triangular, apex of fin level with or slightly behind tail septum. 

Taw] stout, 19°2-21°4% of body length. 
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Anterior teeth up to 9, usually 6-8. 

Posterior teeth up to 14, usually 10-12. 

Hooks up to 11, usually 8-11. 

Seminal vesicles elongate, in contact with posterior fins, simple, of the “ bedote ”’ type. 
(see Text-fig. I). 

Ovaries completely filling body cavity when fully mature. 

Collarette very prominent, extending to the tail in fully grown specimens. 

Corona commences at the posterior end of the head and extends to about half way 
between the head and ventral ganglion. (see Tokioka 1940, fig. 86B). 

Length up to 37 mm. 
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Fic. 3.—A comparison of the fin shape and position of the seminal vesicles. (a) S. plancionis, 
37 mm. long. (b) S. zetestos, 38 mm. long. (c) S. marri, 28 mm. long. 
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Distribution. Bermuda, S.E. Africa, (Aghulas current area), Tasman Sea, off 
N.E. New Zealand, and parts of N. Atlantic. A surface living form breeding at a 
moderate depth (1000-750 m.). 


Sagitta zetesios Fowler, 1905 
(Fig. 3b) 


Sagitta zetesios Fowler, G. H., 1905, Trans. Linn. Soc. Lond. (Zool.) Ser. 2 X, pp. 55-87. 

Sagitta zetesios Fowler, 1906 ; Michael, ror. 

Sagitia planctonis (non Steinhaus) Ritter-Zahony, 1911 (part); Germain and Joubin, 1916; 
Michael, (1919) ; Burfield and Harvey, 1926; Burfield, 1930 (part) ; Bollman, 1934 (part) ; 
Kuhl, 1938 (part) ; Thiel, 1938 (part) ; Kramp, 1939 (?) ; Tokioka, 1939; Fraser, 1952. 

Sagitta planktonis (non Steinhaus) Kramp, 1918 (?) ; George, 1952. (?) 


CHARACTERS : 


Anterior fin rayless or very sparsely rayed at the anterior end, beginning at or 
about the ventral ganglion. Length 20-26% of body length. 

Posterior fin triangular, apex of fin level with tail septum. 

Tail stout, 20-23% of body length. 

Anterior teeth up to 12, usually 8-10. 

Posterior teeth up to 22, usually 15-19. 

Hooks up to 11, usually 8-10. 

Seminal vesicles shape not known, but remnants of vesicle indicate that it is in 
contact with the posterior fin, elongate and of similar dimensions to those of S. 
planctoms. sj 

Ovaries longest observed reached to half-way between the head and ventral 
ganglion. 

Collarette very prominent, extending on to the tail in large specimens. 

Corona similar to S. planctonis. See Ritter-Zahony rott, fig. 35a. 

Length up to 40 mm. 

Distribution. A deep living form found in most deep oceans, but absent from 
the Antarctic. 


Sagitta marri nov. sp. (Pl. IIb, fig. 3c) 


Sagitia zetesios Fowler, 1907 (nec Fowler 1905). 

Sagitta planctonis (non Steinhaus) Ritter-Zahony, 1911 (part) ; Jameson, 1913; Johnston and 
Taylor, 1921; Burfield, 1930 (part); Bollman, 1934 (part); Mackinstosh, 1937 (part) ; 
Thiel, 1938 (part). 

Sagitia planktonis (non Steinhaus) Hardy and Gunther, 1936. 


Holotype a mature specimen 23°9 mm. in length taken in a 70 cm. vertical closing 
net which fished between 750 and 500 m., at “‘ Discovery’ station 859: 59° 19°1’ 
Sies 51:8 Eos 25. 1v..32. 

Body proportions : Total length 23°9 mm. (24°5 mm. including caudal fin) ; Tail 
segment 5°3 mm., 22°2% of total length; anterior fins 3°7 mm., 15°5% of total 
length. 
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Head armature: Hooks 6 and 8; anterior teeth 6 and 7; posterior teeth 16 
and 16. 

Gonads : Ovaries 7°2 mm., 33'2% of total length; one fully mature seminal 
vesicle present, the other full-sized but not full of sperms. 

Paratypes : 32 specimens taken in a 1 m. closing net fished from 700-400 m. at 
“ Discovery ”’ station 1782: 58° 44-6’ S.; 00° 00-7’ E.; 3.vi.36. 

The range of variation given below is that of the 76 specimens shown in Text- 
fig. 4. 


Fic. 5.—S. marrt. (a) Shape and position of seminal vesicle. (b) Shape and position of corona. 


CHARACTERS : 


Anterwor fin completely rayed, rounded, begins slightly behind the ventral gangiion. 
Length 10-19% of body length. 

Posterior fin rounded. 

Tail slender, 20-28%, of body length. 

Anterior teeth up to 8, usually 6-7 (see Text-fig. 4). 

Postertor teeth up to 17, usually 14—15 (see Text-fig. 4). 

Hooks 7 to 11, usually 8-9 (see Text-fig. 4). 

Seminal vesicles conical, very close to tail fin (see Plate 1d, fig. 5a). 

Ovaries observed up to ventral ganglion. 

Collarette prominent between head and anterior fins, but very thin on remainder 
of the body. 
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Corona commences at the posterior end of the head and reaches about } of the 
distance to the ventral ganglion (see Text-fig. 55). 

Length up to 28-5 mm. 

Distribution Probably a purely Antarctic form, extending from the surface down 
to about 1,500 m., though commonest between 750 and 250 m. Breeds in deep water. 


DISCUSSION 


Although as already mentioned it is easy to separate S. planctonis Steinhaus 
and S. zetesios Fowler from S. marri by the shape and position of the seminal vesicles, 
these structures are seldom visible in the first two mentioned species (see p.437). 
In S. marrt however traces of the vesicles are visible in animals as small as 12 mm. 
long, while no trace of a vesicle is normally visible in specimens of the other two 
species less than 25 mm. long. Something more is therefore needed to differentiate 
them when immature, and in Text-fig. 6 I have been able to show how the length 
of the anterior fin expressed as a percentage of the total length can be used to do so. 
It will be seen that this percentage is less than 20 in S. marrt, more than 20 in S. 
zetestos and 24 or more in S. planctonis. As far as the two latter species are concerned 
however the amount of overlap is perhaps too great for this feature to be of diagnostic 
value except where large numbers of specimens are involved. 

These percentage differences apart, the shape and structure of the anterior fins 
are of some taxonomicimportance. In S. marri, as Text-fig. 3 shows, they are regularly 
arcuate, having their greatest width at the middle, and are completely rayed. In both 
S. planctonis and S. zetesios they are elongate, widest at the posterior end and either 
rayless or having only a few widely spaced rays in front. 

Although S. planctonis and S. zetesios cannot usually be distinguished by differences 
in the ratio of anterior fin length to body length, the posterior teeth if plotted against 
the body length (Text-figs. 2 and 7) demonstrate how readily distinguishable, in their 
older stages at any rate, they can be. Fig. 2 has been compiled from the work of 
earlier authors. It includes all available previous records of S. planctonis, records 
of S. zetesios by Fowler (1905, 1906) and records of S. planctonis (= S. zetesios), 
“go specimens from the Atlantic Ocean”’ by Ritter-Zahony (1911, p. 30). Taking 
all sizes above 15 mm. it will be seen from this figure that only in one instance, a 
record by Ritter-Zahony of a specimen of S. planctonis (= S. zetesios) 20 mm. long 
with only 12 posterior teeth, do the two sets of data overlap. The records of Thomson 
(1947) for S. planctonis, which were given for 5 mm. size groups, have been plotted 
in the middle of each such size group. Text-fig. 7 has been compiled from “ Discovery” 
data. It confirms the previous work on S. zetesios, apart from the one anomalous 
Ritter-Zahony record, and amplifies the previous work on S. planctonis. In this 
figure the data plotted were from specimens from a large number of plankton samples 
in the “ Discovery ’’ collections, selected so as to cover as much of the size range of 
the species as possible. The samples were collected at depths from the surface to 
2000 m. in the North and South Atlantic Oceans, the Tasman Sea, the Indian and 
South Pacific Oceans at different seasons of the year. The data shown in the 
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figure can therefore be taken to cover seasonal and distributional variations, if 
any, though the sample is not a fair one for statistical purposes. 

It is evident then that above 15 mm. specimens of S. planctonis and S. zetestos 
can readily be distinguished by their posterior teeth numbers and that below this 
size these numbers more or less overlap and would not be a reliable distinguishing 
feature. I have been unable to find a method of distinguishing them below this size, 
and the small specimens in Text-figs. 2 and 7 have been identified only by being 
present in hauls which apparently contained but one species. This is not altogether 
satisfactory and it is hoped that further work may produce a reliable method of 
identifying the young forms. he 

Distributional evidence shows that S. zetesios is a typically mesoplanctonic form, 
while records of S. planctonis, although scarce, all point to its being epiplanktonic. 
The species described by Moore (1949) from the surface waters round Bermuda is 
almost certainly S. planctonis although he gives no counts of posterior teeth to 
confirm it. Steinhaus’s records were from shallow hauls as also were those of Tokioka 
(1940). Thomson (1947) gives the vertical distribution as abundant between o and 
100 m., and numerous down to 500m. _ S. planctonis has been taken in shallow hauls 
at various “‘ Discovery” stations e.g. 1608.—36° 07’ S., 22° 53-8’ E., 10.xi.35. 
1609.—37° 08-4’ S., 27° 03:1’ E., 11. xi.35. 1610.—38° 31-9’ S., 31° 11°5’ E., 12. xi. 35. 
2729.—35° 37’ S., 160° 22’ E., 21-22.x.50. 2730.—35° 58’ S., 163° 39’ E., 22.x.50. 
2734.—45° 00’ S., 173° 39’ W., 5-6. xi.50. 2920.—48° 45’ N., 18° 52’ W., 4.vi.52. 


InY 
S. planctonis group 
Robust chaetognaths; usually opaque and white when preserved, having an extensive 
collarette which in well preserved specimens extends to the tail, and in all specimens to the 
anterior fins. 


1. Length of anterior fin more than 20% of total body length . : : : : 2 
Length of anterior fin less than 20% of total body length . : ‘ : S. marrt 
2. Posterior teeth usually more than 14*, deep water form 5 : ; .  S. zetesios 
Posterior teeth usually less than 14*, shallow water form  . : : S. planctonis 


* See Text-fig. 7. 
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SUMMARY 


Specific distinction between S. planctonis and S. zetestos, on the one hand, and S. 
marrzt, on the other, depends primarily on the shape and position of the seminal 
vesicles ; three other features, the shape of the fins, the length of the anterior fins, 
and the total length at maturity provide additional diagnostic characters. By the 
use of these points S. marri can be distinguished at all sizes above about 8 mm. 
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The separation of S. planctonis and S. zetesios is less satisfactory and rests upon 
the numbers of posterior teeth in animals over 15 mm. in length which is the only 
observed taxonomic difference. It is probable that depth distribution will provide 
further supporting evidence for the existence of these two undoubtedly separate 
species, but this has yet to be fully worked out. 
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abyssinica, Zosterops 5 E anf Bees TA. 
Acarus . Elite stweay he) 
Acaulidae 453-534 
Acaulis : 466, 481, 509 
Acauloidea . ; : : 2 528 
aciculatus, Nothrholaspis : é 46, 48 
aciculatus, Macrocheles (Nothrholaspis) . 48 
acus, Carapus : 247-265 
Aepyornis . ; : 64 
aldabrensis, Zosterous maderaspatata « 403 
alfurorum, Pachycephala macrorhyncha . 208 
allmani, Hydractinia 476, 478 
ambigua, Pachycephala pectoralis : = (200 
Amphinema . é 5 : : Aon 
Andrholaspis 2 : : : : 4 
anglicus, Coprholaspis 4, 16, 53,54 
Annulella 5 ; ; 5 : - 506 
Anthomedusae 2 ; : . 54 20 
anzac, Assurger. ; : : TT RLOy, 
Aphanopodinae . 5 ¢ : . 77 
Aphanopus . : ; : ; . 81-85 
Apteryx ; é : : A : 63 
Archaeopteryx : : . : 60-68 
arctica, Cyanea : é : - 483 
arenosa, Aselomaris ‘ ; F - 476 
Areolaspinae ; . : : ; 9 
Arum . : ; : ; - 467, 509 
Aselomaris . : ; ; sg VAG AISI 
Assurger ; : : : : LOO 
Asyncoryne : : : - 459, 509 
Asyncorynidae : i é : 524 
Athecata : . 520 
atromaculata, Pachycephaia pectoralis = 1206 
aurantiiventris, Pachycephala pectoralis . 198 


aurata, Euphysa 
460, 466, 486, 492, 505, 507, 519, 521 


badius, Holostaspis 5 : 5 16 
balim, Pachycephala pectoralis : 4 Ae 
banksiana, Pachycephala pectoralis . 1 3208 
bartoni, Pachycephala soror . : LOO 
bella, Pachycephala aa ; LOS 
Benthodesmus : : : 85-90 
bermudensis, Carapus - 270, 272 
birpex, Carapus ; i é : . 265 
blondina, Lizzia_ . : ; : . 481 
boraborensis, Carapus. . ; pe P27) 
borbonica, Zosterops borbonica ‘ AOS 
Boreohydra . : : 5 . - 507 


Boreohydrinae : : 5 ? 
Bougainvillia. ia 476, 
bougainvillei, Pachycephala pectoralis 
Branchiocerianthinae ‘ 
Branchiocerianthus 

britannica, Bougainvillia 

brunneipectus, Pachycephala pectoralis 
buruensis, Pachycephala pectoralis . 


caledonica, Pachycephala pectoralis 
calliope, Pachycephala pectoralis 

caninus, Carapus : 

capensis, Myriothela 

capillare, Eudendrium 

capillata, Cyanea 

Capitata ; : ; P 
Carapus : : : : ! ee 
carbo, Aphanopus : ‘ : 
carinatus, Gamasus 
carinata, Nothrholaspis . 
carinatus, Macrocheles 
carnea, Podocoryne : 3 - | 8470; 
castaneus, Macrocheles 

Casuarius 

caudatus, Lepidopus 

centralis, Pachycephala pectoralis ae 
chlorura, Pachycephala pectoralis 
christophori, Pachycephala pectoralis 
cinereus, Carapus : 

cinnamomea, Pachycephala pectoralis 
citreogaster, Pachycephala pectoralis 
Cladocoryne : : 
Cladocorynidae 

Cladonema 

Cladonemidae 

Clava 

clio, Pachycephala pectoralis 
cocksi, Arum 

cognatus, Macrocheles i 
collaris, Pachycephala pectoralis 
comorensis, Zosterops peers: 
conferta, Dicoryne é 

contempta, Pachycephala pectoralis 
conybearei, Heterocordyle 


462, 464, 511, 


467, 487, 505, 


12, 25, ae 34, 36, 53 


521 
481 
197 
522 
472 
481 
208 
202 


201 
202 
282 
408 
476 
483 
520 
302 

83 

25 

25 


478 
42 
63 
93 

198 

201 

198 

295 

197 

203 

511 

524 

519 

525 

476 

202 

509 
28 

203 

493 

476 

201 


476 


Coprholaspis « A; 7, LO LO; 53; 54 
Cordylophora 476 
cornucopiae, Merona - 476 
Corymorpha 462-508 
Corymorphidae 453-534 
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Corymorphinae . ; : : 4) PR 
Corynidae ‘ F 453-534 
Corynoidea_ . : : Hens 
costata, Zanclea voy 56) 512, 519, 520 
cristatus, Tentoriceps . : 110 
crocea, Tubularia . : : an AOL 
cucullata, Pachycephala pectorais : 2 On 
curvirostris, Zosterops curvirostris . » 403 
cuspis, Carapus j : j é . 267 
Cyanea : 4 i £483 
cyclopum, Pachycephala sehlegeli ; Los 
Cyrtocheles . 5 : : 4 
Cytaeis ; ; i : : - 476 
dahli, Pachycephala pectoralis. ‘ 2 OO 
dammeriana, Pachycephala ae «. 202 
decoloratus, Gamasus_ . : 32 
decoloratus, Macrocheles 12, 32, 33, 34, 53 
Dendrocoryne ; : ‘ - | 4755513 
dentatus, Echiodon ; : . . 292 


. 4, 46, 48, 51, 53 
500, 512, 519, 525 


dentatus, Macrholaspis 
dichotoma, Eleutheria 


Dicoryne : - 5 = AZO 
dinema, ‘Amphinema ° ; F a 4S 
Dinornis : : 4 j 2 ; 64 
Diplospinus . 5 : 3 78-81 
Dipurena : 400, 475, 493, 498 
Dissoloncha . 5 : ‘ 642 TO 
domestica, Musca . ; ‘ : : 13 
Dromaeus_. ; ; : F 63 
drummondii, Echiodon : . . 288 
dubius, Carapus . F . . 270 


dumortieri, Ectopleura 491, 496, 509, 519 


echinata, Hydractinia 475, 479, 479, 481 


Echiodon 288-294 
Ectopleura 491, 509 
efatensis, Pachyoephala pestoralic F me ZzOo 
Eleutheria ; é 500, 512, 519 
Eleutheriidae . ; : 1 9525 
elongatus, Benthodesmmus ; : 5. 88 
Encheliophis ‘ 295-298 
Eudendrium . ; : : : eA 70 
Euphysa Dae ai wae cae 
Euphysinae . 2 : : : 521 
eurycricota, Zosterops . 4 aS O3. 
everetti, Pachycephala pectoralis : - 196 
eximia, Sarsia : : ; ; LO 
Eupleurogrammus . 5 ; : PO? 
Evoxymetopon : . P ; ; 97 
farcta, Euphysa_ . : - 486 
feminina, Pachycephala pects ; . 198 
fergussonis, Pachycephala pectoralis eZO7, 
filiformis, Staurocoryne . : 4 462 
fimicola, Nothrholaspis ‘ ‘ 36, 38 
flavifrons, Pachycephala 136-222 
floccosa, Cladocoryne 


5 Rubs 


Formica : ; : 13 
fulginosa, Pachycephala pectoralis : 8) 200 
fulviventris, Pachycephala pectoralis i \rQ6 
fulvotincta, Pachycephala pectoralis LOO 
fuscoflava, Pachycephala pectoralis . 7 2oz 
fusiformis, Rhizogeton 470, 478 
Gamasina-Veigaiaidae_ . 7 
Gamasus 13, 16, ae 30, ae 42, i 48 
Garveia ; : , 1 470 
Geholaspis 4 4-10, 41-43, 53 
gemmifera, Sarsia . 493, 519 
Gempylina I2I-127 
gigantea, Monocoryne 488, 509, 523 
gilolonis, Pachycephala pectoralis. . 3 200 
glaber, Macrocheles 4, 10, 11, 16, 17, 19, 53 
glabra, Holostaspis : 5 16 
glacialis, Corymorpha . : : - 496 
gladiator, Macrocheles 36, 38, 53 
glaucura, Pachycephala pectoralis  . 5118200 
gloriosus Macrocheles (Nothrholaspis) Bee Peale: 
goodsoni, Pachycephala pectoralis . NeaezZ OS 
Gotoea ; é : : - 493 
gracilis, Diplospinus - ; 5 81 
gracilis, Encheliophis iorceaious) : . 299 
gracilis, Solanderia ° : « 526 
graeffi, Pachycephala pectoralis ; 5 suuteye 
groenlandica, Corymorpha : : - 496 
haeckeli, Margelopsis 482, 508, 522 
haesitata, Zosterops curvirostris : 403 
Halocordyle . He aa, 510 
Halocordylidae : : d 524 
halterata, Dipurena pec 493 
hancocki, Encheliophis_ . : aa es 
Haplochromis 225-243 
Hesperornis . : : : : SOY 
Heterocordyle é : A476 
Holostaspella ye 7,9, 10, 51-53 
Holostaspis . 13, 27, 38, 44, 48, 51 
Holostaspis (Holostaspella) : - gat ke 5 
Holostaspis Pisentii : ; ; : 13 
Holaspulus . : : , ; ; 9 
homei, Carapus : : : . 5 BR} 
hooperi, Stylactis . : : ; . 481 
houlti, Carapus ; , : 3 . 279 
hulli, Macrocheles . : : ‘ wees 
hulli, Nothrholaspis ; ; A soy, G25 
Hybocodon . : : ; 4OL 
Hydractinia . ; las) 476, 481 
Hydrocoryne é b : 500, 512 
Hydrocorynidae . ; . : 5S SHS) 
hypochthonius, Macrocheles. . i HOhgas. 
Hypolytus . : 5 : - 460, 506 
ionthyoents . ‘ : : 67 
imperator, Branchiocerianthus : = elie 
indivisa, Tubularia. : : - 496, 522 
inkermanika, Ostroumovia " 2 era S3, 
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insignitus, Macrocheles tI, 24, 53 
intermedius, Eupleurogrammus : ANOS 
japonica, Cytaeis . 3 : « 476 
javana, Pachycephala pectoralis ; . 196 
jordani, Encheliophis. é : . 298 
Jordanicus . : “209 
jubilarii, Pachycephala pectorslis : . 206 
kagoshimanus, Carapus . : . 278 
kandavensis, Pachycephala pectoris Sp fey 
kirki, Zosterops senegalensis . j - 403 
klossi, Pachycephala soror : | eeeLOO 
lacustris, Cordylophora . : : 2470: 
lamarcki, Cyanea : : : 3403 
larynx, Tubularia . t : : - 496 
lateralis, Zosterops : ; - 316 
lauana, Pachycephala pectoralis : = 20H 
Lepidopodinae , : : ¢ PSO 
Lepidopus ; - 90-97 
Lepturacanthus . : 5 : 119 
lepturus, Trichiurus A : ‘ Speen 
Leuckartiara ; : 5 6 3 AZO 
linearis, Bougainvillia . : : 70) 
littayei, Pachycephala pectoralis . Zor 
lividus, Haplochromis . i : . 232 
Lizzia . : 5 5 ; me 4or 
Longicheles 5 : : - 4, 42, +44 
longispinosus, Gamasus . : ‘ | p42 
longispinosus, Geholaspis, (Geholaspis) . 42 
longispinosus, Holostaspis : ; ae 
longulus, Geholaspis (Longicheles) . . 44 
longulus, Holostaspis. 5 : 4a 
Macrholaspis 4, 5, 7, 10, 46-50 
Macrocheles . , - 4-53 
Macrocheles (Coptholaspis) : : 5 16 
Macrocheles (Monoplites) . 16, 41 
Macrocheles (Nothrholaspis) 41, 48 
Macrochelidae : 4,9, 53 
Macrochelinae 4,9, 51, 53 
macrorhyncha, Pachyeephiala pectoralis Zoe 
maderaspatana, Zosterops maderaspatana 403 
Malacirops 309-433 
mandibularis, Geholaspis (Longicheles) 

44, 45, 47, 53 
mandibularis, Holostaspis : : 4: 
margaritiferae, Carapus (Onuxodon). - 285 
Margelopsidae : 453-534 
Margelopsinae c : : : MSZ 
Margelopsis : 482, 508 
marginatus, Acarus F Ir, 38 
marginatus, Holostaspis . 19, 36, 38 
marginatus, Macrocheles ; 4, 16 
marri, Sagitta ‘ ‘ ; : . 443 
matrius, Macrocheles TZ) 8as. 338030 
matrius, Nothrholaspis . : : ; 34 
mauritiana, Zosterops borbonica : - 403 
mayottensis, Zosterops semiflava  . 4 Ato} 


mediterranea, Porpita . : 3 . 519 


melanonota, Pachycephala pectoralis 197 
melanops, Pachycephala pectoralis 204 
melanoptera, Pachycephala pectoralis 198 
melanura, Pachycephala pectoralis . 199 
mentalis, Pachycephala pectoralis 197 
merdarius, Holostaspis : 21 
merdarius, Macrocheles . Lr, 2122 
Merona 476 
merula, Saxicola 209 
michaeli, Aselomaris 481 
minimus, Macrocheles ‘ 44, 53 
mirabilis, Pelagohydra_ . : 470, 508, 522 
misakinensis, Dendrocoryne 513 
misimae, Pachycephala pectoralis 209 
miurensis, Hydrocoryne . , 500, 512, 525 
modesta, Zosterops MITA: Kale 
Monocoryne . 488, 509 
Monocoryninae 523 
Monoplites ‘ ; 10, 16 
montana, Nothrholaspis . , 23 
montanus, Macrocheles 23, 24, 25, 53 
mouroniensis, Zosterops . 403 
multistriatus, Diplospinus 79 
Musca . , 13 
muscaedomesticae, ‘Mactocheles 6-12, 1 

muscoides, Bougainvillia. 476 
muticus, Eupleurogrammus 105 
myersi, Cladonema. - 464 
Myriothela 467, 408, 487 
Myriothelidae 453-534 
Myriothelinae 523 
nemoralis, Macrocheles (Nothrholaspis) 41 
Neoholaspis 4 4 
nigricans, Haplochromis 237 
Nothrholaspis 10, 46, 53 
nuchisquamulatus, Haplochromis -a eae 
nutans, Corymorpha hee 519, 521 
nutans, Garveia 476 
nutricula, Turritopsis ané, 478 
Obelia . 488 
obiensis, Pachycephala pectoralis 197 
obliquidens, Haplochromis 226 
obscurior, Pachycephala schlegelii 195 
obvoluta, Hypolytus 460 
occidentalis Macrocheles (N othrholaspis) 28 
octona, Leuckartiara 470 
octopunctata, Rathkea 481 
Onuxodon 284 
opacus, Gamasus 40) 48 
opacus, Macrholaspis . 4, 48 
ophiogaster, Dipurena 493 
orioloides, Pachycephala pectoralis é i 107 
ornata, Holostaspella 51, 52, 53 
ornatus, Holostaspis pe Git 
ornata, Pachycephala pectoralis 204 
Ornitholestes 6 OO 
Ostroumovia 483, 500 
ottomeyeri, Pachycephala pectoralis 203 
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oudemansii, Macrocheles (Monoplites) 4, 16, 36 


owasianus, Carapus 278 
Pachycephala 131-222 
pallida, Zosterops . : 314 
palustris, Macrocheles (@iouoplites) : 41 
pannosus, Macrocheles (Nothrholaspis) . 41 
Parholaspis F : 9 
parmulatus, Macrocheles (N othrholaspis) . 44 
parvibrachium, Carapus (Onuxodon) . 284 
parvipinnus, Carapus 279 
pectoralis, Pachycephala. 131-222 
pectoralis, Pachycephala pectoralis . 200 
Pelagohydra . ‘ 508 
Pelagohydrinae 522 
pelengensis, Pachyccphala nectoralis . 203 
penicilliger, Macrocheles Tadd, 53 
penola, Myriothela 467 
peregrinus, Hypolytus 460, 506 
phrygia, Myriothela 487, 523 
pindae, Carapus . 2t7 
pisentii, Macrocheles Tip do, 4: 
planctonis, Sagitta 437-540 
plumipes, Macrocheles 36, 38, 53 
plumiventris, Macrocheles 12, 36-38, 41, 53 
Podocoryne . é 476 
poeyi, oe Iol 
Porpita. 519 


primarius, Acaulis . 


460, 481, 509, 523 


producta, Stauridiosarsia 463, 498, 510 
prolifer, Hybocodon 491, 496, 505 
prolifera, Sarsia 493, 519 
Protoholaspinae 9 
Protoholaspis 9 
Ptilocodiidae » 525 
Ptilocodium Te ATA hs 
punctoscutatus, Macrocheles tr, 18, 19, 53 
pusilla, Coryne 498, 525 
queenslandica, Pachycephala pectoralis . 200 


radiatum, Cladonema 
ramosum, Eudendrium 
Rathkea 

reedi, Carapus 

regalis, Tubularia . 
rendahli, Carapus . 
rendovae, Zosterops 
repens, Ptilocodium 
Rhea 

Rhizogeton. 
Rhizorhagium 

Riparia 

riparia, Riparia 
Rosalinda 

roseum, Rhizorhagium 
rothamstedensis, Macrocheles 
tufa, Formica 
ryniensis, Asyncoryne 


460, 511, 519, 525 


476 
481 
287 
496 
294 
316 
513, 525 


13 
459, 999; 524 


sagamianus, Encheliophis (Jordanicus) . 3801 
Sagitta ; : 437-450 
salomonis, Paciycepiala: : : Or 
sanfordi, Pachycephala pectoralis_ . 5 nia 
Sarsia . 3 é : - 493, 519 
savala, Tegeaeae annie é F é 5 STO) 
scaber, Trox, : ; : : ; 28 
Scarabaeus  . : : ; 13 
schlegelu, Pachycephala . F 136-222 
sculpta, Holostaspis (Holostaspella) ae cob 
semiflava, Zosterops semiflava : . 403 
semipunctatus, Scarabaeus : : ; 13 
senegalensis, Zosterops . : Bese 
sharpei, Pachycephala pectoralis : 7 202 
simonyi, Benthodesmus : Sess 
simplex, Boreohydra 567, 519, 522 

singularis, Tricyclusa 462-523 


Solanderiidae ; ; : 5 520) 


soror, Pachycephala 136-222 
_Speirops : 3090-433 
Sphaerocerus : : 3 53 
spinicauda, Pachyecnnals Becton = | LO9 
squamata, Clava . : 5 GKS 
Stauridiosarsia nee oe 498, 510 
Staurocoryne. : : ; : 4462 
stercorarius, Gamasus . F F ; =—6 
stercorarius, Geotrupes j , ‘i 18 
strangulata, Dipurena 493, 498 
Struthio 4 j ; : : 63 
subbadius, Holostaspis : ‘ 19 


subbadius, Macrocheles 
submotus, Macrocheles 


IT, 19, 34, 36, 53 
II, 12, 28, 29, 53 


superbus, Macrocheles_ . TOM L2: 3545 390 
superciliaris, Bougainvillia ‘ ; oii 
tabarensis, Pachycephala pectoralis . =) 203; 
taeniatus, Evoxymetopon : : ¥ 1. 2 GMS) 
tardior, Macrocheles (Monoplites) . F 41 
tardus, Gamasus. . : : ; 13, 30 
tardus, Macrocheles 12, 30, 31, 53 
tenuipes, Holaspulus 6 : . : 9 
Tentoriceps . : ; : ; Sy LELO 
tenuis, Benthodesmus . ; : ; 89 
terreus, Holostaspis : é 5. AIS 
teysmanni, Pachycephala peceoraie maeLOO) 
Thyrsitina . : : ; aE 2h 
tiarella, Halocordyle 510, 524 
tidorensis, Pachycephala pectoralis : LOL, 
torquata, Pachycephala pectoralis_ . Sa OS: 
Trichiuridae . 73-130 
Trichiurinae . : : ‘ : Speen) 
Trichiurus. : : 5. wees 
Tricyclusa von 482, 489, 508 
Tricyclusidae. : 453-534 
Tricyclusoidea : : : SRE 
tridentinus, Macrocheles . ¢ ; : 30 
Tringa . c : . ; ‘ ae 04 
rox |. : ; : : : 28 
Tubularia 470, 481, 496 
Tubulariidae 453-534 


pune, 

Tubularoidea 3 ‘ 520 
tubulosa, Sarsia . ; 4 403, 498, 505 
Turritopsis . 476 
typica, Gotoea 493 
urceolus, Branchiocerianthus 472, 522 
utupuae, Pachycephala pectoralis 204 
vagabundus, Macrocheles 51 
vanikorensis, Pachycephala pectoralis 202 
Veigaia é ; : 5 7) 
velella, Velella ; ; rf. 519 
vermicularis, Encheliophis 295 
veterrimus, Macrocheles . 16_ 
violetae, Pachycephala pectoralis 199 


INDEX 


virens, Zosterops . 314 
viridipectus, Pachycephala echlegelii 205 
vitiensis, Pachycephala pectoralis 204 
voltzkowi, Zosterops maderaspatana, 403 
whitneyi, Pachycephala i 199 
williami, Rosalinda 513 
xanthoprocta, Pachycephala pectoralis 201 
. xantusi, Lepidopus ‘ 95 
Zanclea é : 4 474, 499, 512, 519 
Zancleidae d : 526 
zetesios, Sagitta 437, 443 
Zosterops 309-433 
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